Introduction: To evaluate the efficacy and safety of etanercept treatment in adult patients with moderate to severe rheumatoid arthritis (RA) who failed to respond (primary failure) or lost a satisfactory response (secondary failure) to adalimumab. Methods: All patients discontinued prior adalimumab treatment and continued methotrexate with etanercept 50 mg once weekly for 24 weeks. The primary study endpoint was American College of Rheumatology 20% improvement criteria (ACR20) at week 12.
Results: Eighty-five patients (mean age 56.6 years; female 80.0%) were evaluated for safety and 84 for efficacy. Thirty (35.7%) patients achieved ACR20 at week 12; the lower bound of the 95% confidence interval (CI; 25.6, 46.9) was greater than the prespecified goal of 24% based on previous research. Improvements from baseline in clinical outcomes and patient-reported outcomes were observed at each study visit. In planned subgroup analyses, patients with anti-adalimumab antibodies and secondary adalimumab failure had the highest ACR20 response to etanercept at week 12 (11/17 patients; 64.7%). Among the patients with secondary adalimumab failure, those with anti-adalimumab antibodies were fivefold more likely to have an ACR20 response to etanercept than those without anti-adalimumab antibodies (odds ratio 5.2; 95% CI 2.0, 13.5; P\0.001). Adverse events were reported for 62 (72.9%) patients and were consistent with previous studies of etanercept. Most adverse events were mild or moderate in severity. Conclusion: Switching to etanercept is a therapeutic option in patients with RA who fail adalimumab treatment. The presence of anti-adalimumab antibodies may provide additional support for switching to etanercept, particularly in patients with secondary adalimumab failure. Trial Registration: ClinicalTrials.gov identifier, NCT01927757.
INTRODUCTION
Rheumatoid arthritis (RA) is a chronic, systemic, autoimmune disease that affects approximately 1% of adults worldwide [1] . Patients with RA experience pain and stiffness in addition to comorbidities that may restrict the patient's physical function and impair their ability to work [2] [3] [4] . Treatment guidelines recommend monotherapy with a conventional synthetic disease-modifying antirheumatic drug (csDMARD), preferably methotrexate, as the initial treatment for RA [5, 6] . Patients with moderate to severe disease activity who do not achieve treatment targets with a csDMARD alone may benefit from the addition of a tumor necrosis factor inhibitor (TNFi) to their therapeutic regimen [5, 6] .
Biologic agents, such as TNFi, have been a major advancement in the management of RA. However, approximately 25% of patients discontinue adalimumab or infliximab treatment within 0.8 years of initiation [7] . It has been estimated that 20-30% of RA patients fail to respond to the first TNFi, and [20% of patients who initially respond experience a loss of effectiveness within the first 2 years of treatment [8] . Interestingly, it has long been shown that in patients with secondary TNFi failure, switching to another TNFi may restore clinical response [5, 6, [9] [10] [11] [12] [13] [14] , suggesting that the problem is not the drug's mechanism of action and that the loss of efficacy could be related to immunogenicity.
Etanercept and adalimumab are the most commonly used biologics in patients with RA [15, 16] . An open-label study of patients with RA who switched from another TNFi to adalimumab for a variety of reasons reported that adalimumab was effective and well tolerated among patients with primary or secondary etanercept failure [12] . Conversely, an observational study of etanercept treatment among patients with RA who failed either adalimumab or infliximab treatment showed that 79% of patients achieved a good or moderate European League Against Rheumatism (EULAR) response to etanercept at 28 weeks, but the efficacy results were not provided separately for patients who previously failed adalimumab treatment [17] . A notable finding of the latter study was a higher response rate in patients who had antibodies to infliximab or adalimumab compared with patients who did not have antibodies to the previous TNFi [17] . Antibodies to infliximab or adalimumab develop frequently and may contribute to treatment failure, but they do not cross-react with etanercept [17] [18] [19] [20] . Failure type (primary or secondary) for the previous TNFi may also predict response to a different TNFi [12, 20] . However, the most recent treatment guidelines for RA from EULAR [6] and the American College of Rheumatology (ACR) [5] do not provide recommendations for the use of immunogenicity testing or failure type to guide treatment decisions.
There has been controversy over whether the next treatment after TNFi failure should be another TNFi or a DMARD with another mechanism of action. The ACR guidelines for the treatment of RA [5] include an algorithm for the treatment of established RA. According to the algorithm, patients who fail a single TNFi should receive either another TNFi ± methotrexate or a non-TNFi biologic ± methotrexate as the next therapy.
The objective of this study was to evaluate the efficacy of etanercept, as measured by ACR 20% improvement criteria (ACR20) at week 12, in adult patients with moderate to severe RA who failed to respond or lost a satisfactory response to adalimumab when used as their first biologic agent. Secondary objectives included examinations of clinical outcomes and patient-reported outcomes, both for all patients and within subgroups according to anti-adalimumab antibody status and adalimumab failure type.
METHODS

Study Design
This single-arm interventional study enrolled patients with moderate to severe RA who either did not respond to adalimumab (primary failure) or who lost a satisfactory response to adalimumab (secondary failure) when used as the first biologic agent in combination with methotrexate. The study included a screening period of up to 45 days, a 24-week treatment period with study visits every 4-6 weeks, and a 30-day safety follow-up visit.
All patients were at least 18 years of age and were diagnosed with RA as determined by meeting the 1987 ACR classification criteria [21] for at least 6 months. At screening, patients were required to have a disease activity score based on the Disease Activity Score 28-joint count C-reactive protein (DAS28-CRP) of at least 3.2, at least three swollen joints, and at least three tender/painful joints. Primary adalimumab failure was an inability to achieve a satisfactory response, defined as achievement of ACR20 or equivalent as judged by the investigator, with a combination treatment of adalimumab and methotrexate received for at least 3 months. Secondary adalimumab failure was the loss of a prior satisfactory response, defined as prior achievement of ACR20 or equivalent as judged by the investigator, to a combination treatment of adalimumab ? methotrexate received for at least 6 months.
A two-tiered approach was used to test for anti-adalimumab antibodies, including a screening assay and a specificity assay. Samples were treated with a low pH buffer to dissociate antibody-drug complexes and then tested in a validated electrochemiluminescence-based bridging immunoassay. Screened samples with a signal-to-noise ratio greater than the assay cutoff point were confirmed in the specificity assay; samples in the specificity assay that showed a signal-to-noise ratio reduction in the presence of excess soluble adalimumab were reported as positive.
Patients currently receiving treatment with adalimumab at screening completed a 2-week washout prior to receiving the first dose of etanercept. During the treatment period, all patients received etanercept in combination with methotrexate. Etanercept dosing was based on the recommended label dosing for patients with RA-50 mg once weekly, administered subcutaneously by the patient or their caregiver. Methotrexate was continued at the same dose, per local labeling. Patients were required to take methotrexate for at least 12 weeks before baseline, with a stable dose of at least 15 mg weekly for at least 8 weeks before baseline (a stable dose of 10 mg to \15 mg weekly for at least 8 weeks was permitted if required for tolerability). Continued use of a nonsteroidal anti-inflammatory drug or an oral corticosteroid (B10 mg/day prednisone equivalent) was permitted if the dose was stable for at least 4 weeks before screening.
The study was conducted in accordance with the principles contained in the Declaration of Helsinki. An institutional review board approved the study protocol for each center. Written informed consent was obtained for each patient at enrollment.
Assessments
The primary study endpoint was ACR20 at week 12. Secondary efficacy endpoints included ACR20 at week 24 and the following endpoints at weeks 12 and 24: ACR50 and ACR70; and DAS28-CRP score (including change from baseline, improvement of at least 1.2 units, and low disease activity of \3.2 units). Change from baseline at weeks 12 and 24 was evaluated for the patient-reported outcomes, including Health Assessment Questionnaire Disability Index (HAQ-DI) score; pain score on a visual analog scale (VAS); Medical Outcomes Short Form 36 (SF-36) Physical Function score; and Work Productivity and Activity Impairment (WPAI) questionnaire scores. Exploratory endpoints included ACR20, ACR50, and ACR70 at weeks 4, 8, and 18; DAS28-CRP score; change from baseline; improvement of at least 1.2 units and low disease activity of \3.2 units at weeks 4, 8, and 18; Clinical Disease Activity Index (CDAI); Simplified Disease Activity Index (SDAI); and swollen joint count at all visits. Safety was assessed from adverse events reported during the treatment period or at the safety follow-up visit.
Statistical Methods
Statistical analyses were conducted with SAS software (SAS Institute, Cary, NC). Patient disposition, demographics, baseline characteristics, efficacy, and safety were summarized descriptively for all patients who received at least one dose of etanercept. Efficacy endpoints were summarized descriptively at each time point as well as change from baseline to each post-baseline time point. Additional descriptive summaries of efficacy endpoints were provided for subgroups according to anti-adalimumab antibody status at baseline (present or absent) and adalimumab treatment failure type (primary or secondary). Missing data were imputed using a last observation carried forward approach, carrying post-baseline values forward to time points with missing observations.
The primary objective was assessed by estimating the proportion and 95% confidence interval (CI) of patients who achieved ACR20 at week 12. An estimate from a single-arm study is best interpreted in the context of a historical placebo control. In a recent randomized, placebo-controlled study of golimumab in patients with RA who had received another TNFi previously, the ACR20 proportion estimate at 14 weeks in the placebo group was 18% (95% CI 12, 24) [13] . The upper bound of the 95% CI (24%) was assumed to be the historical placebo control proportion. The sample size was justified on observing a level of precision based on a 95% CI for the primary objective that was strictly greater than 24%.
Approximately 250 patients were planned for this estimation study.
All endpoints were assessed for subgroups of patients with and without anti-adalimumab antibodies at baseline and by adalimumab failure type. ACR20 at weeks 12 and 24 was modeled using logistic regression with covariates for anti-adalimumab antibody status (present or absent), adalimumab failure type (primary or secondary), body mass index at screening, duration of RA at baseline, duration of prior adalimumab treatment, and time since the end of adalimumab treatment. An exploratory analysis using generalized estimating equations for ACR20 response at all measurements (weeks 4, 8, 12, 18, and 24) was conducted with interactions for anti-adalimumab antibody status and adalimumab failure type.
RESULTS
Patient Characteristics
Ninety patients were enrolled at 30 centers in the USA and Canada between May 2013 and December 2014, before the study enrollment was stopped early due to slow enrollment. The last patient received the last on-study dose of etanercept in May 2015. Patient disposition is shown in Fig. 1 
Efficacy
Among the 84 patients evaluable for efficacy, the primary study endpoint, ACR20 response at week 12, was achieved by 30 (35.7%) patients, and the lower bound of the 95% CI (25.6, 46.9) was greater than the historical placebo control of 24%. Improvements from baseline in clinical outcomes and patient-reported outcomes were observed at each study visit (Table 2 ).
In the planned subgroup analyses, improvements from baseline at weeks 12 and 24 of etanercept treatment were similar or greater among patients with secondary adalimumab failure (n = 52) versus those with primary adalimumab failure (n = 33) ( Table 3 ). The ACR20 response rates among patients with primary and secondary adalimumab failure at week 12 were 27.3 and 41.2%, respectively, and at week 24 they were 21.2 and 43.1%, respectively. The ACR50 response rates among patients with primary and secondary adalimumab failure at week 12 were 3.0 and 15.7%, respectively, and at week 24 they were 3.0 and 23.5%, respectively. ACR70 responses were only observed among patients with secondary adalimumab failure. Patients with both anti-adalimumab antibodies and secondary adalimumab failure at (Fig. 2) . A significant interaction was observed in generalized estimating equation analyses, such that among the patients with secondary adalimumab failure, those with anti-adalimumab antibodies were fivefold more likely to have an ACR20 response to etanercept than those without anti-adalimumab antibodies (odds ratio 5.2; 95% CI 2.0, 13.5; P\0.001). At the end of study treatment at 24 weeks, the greatest improvements in clinical outcomes and patient-reported outcomes occurred in patients with anti-adalimumab antibodies and secondary adalimumab failure (Table 4) . For example, the HAQ-DI score was reduced (improved) by a mean of 0.31 points from baseline to week 24.
Safety
The median duration of on-study etanercept treatment was 162 (range days. Adverse events were reported for 62 (72.9%) patients.
Adverse events reported for more than 5% of patients, regardless of severity or relationship to etanercept treatment, were as follows: arthralgia (eight patients, 9.4%); injection site erythema and nausea (seven patients each, 8.2%); bronchitis, headache, injection site reaction, and sinusitis (six patients each, 7.1% each); RA (five patients, 5.9%).
Investigators reported that at least one adverse event was related to etanercept treatment for 26 (30.6%) patients. The most commonly reported terms for treatment-related adverse events were injection site erythema (seven patients, 8.2%), injection site pruritus (four patients, 4.7%), and injection site reaction (four patients, 4.7%). Five events (osteoarthritis, RA, nausea, vomiting, and injection site reaction, respectively) in four (4.7%) patients led to discontinuation of etanercept treatment.
Most adverse events were mild or moderate in severity. There were no fatal adverse events and no deaths. Serious adverse events were reported for four (4.7%) patients, including one patient with three serious adverse events (abdominal abscess, sepsis, and urinary tract 
DISCUSSION
Among patients with RA who failed adalimumab treatment, more than one in three patients (35.7%) achieved the primary efficacy endpoint of ACR20 response at week 12 after switching to etanercept treatment. Although the full sample size was not achieved before study enrollment was truncated, the lower bound of the 95% CI for the primary efficacy endpoint was greater than the historical placebo control of 24% [13] . Thus, the response to etanercept in this single-arm study was greater than that of placebo in a historical control group, which supported the efficacy of etanercept after adalimumab failure.
In this study, improvements in ACR20 were maintained up to the end of etanercept treatment at 24 weeks (6 months), suggesting that the efficacy of etanercept did not decrease over time. This finding was notable, Mean change from baseline to week 24 (±SD)
Swollen joint count -10.1 ± 8.0 -10.5 ± 15.9 -9.6 ± 12.7 -8.4 ± 13.5 Given the high individual variability in the pharmacokinetics of the TNFi agents and the difficulty in predicting outcomes by clinical judgment alone, the rationale for therapeutic drug level monitoring of biologics and assessment of antidrug antibodies is strengthening [22, 23] . The development of antidrug antibodies to adalimumab or infliximab may be associated with treatment failure, need for dose increases, immune-mediated adverse effects, and cessation of therapy [18] . Treatment failure and the need for dose increases in these patients appears to be related to decreased concentrations of unbound adalimumab [18, 24] . Increased adalimumab dosing frequency (from once every 2 weeks to once weekly) is recommended when a patient with RA fails adalimumab therapy without methotrexate [25] , but increasing the dose may improve treatment responses only in a minority of patients [18, 26] . Neutralizing antibodies that interfere with the drug's binding site for TNF affect the treatment, not the target. Thus, the presence of anti-adalimumab antibodies does not lead to etanercept failure after switching treatments; in fact, patients with anti-adalimumab antibodies may have a greater response to etanercept after switching therapy [17] . We did not measure the levels of adalimumab in the study. Simultaneous measurement of serum TNF-alpha level and antidrug antibodies might have been a better predictor of response.
In this study, etanercept was particularly effective among patients with anti-adalimumab antibodies and secondary adalimumab failure. Comparisons of results across the subgroups were limited by the small sample sizes of the subgroups, which ranged from seven to 34 patients. However, generalized estimating equations identified a statistically significant interaction among the patients with secondary adalimumab failure, with greater than fivefold odds of ACR20 response to etanercept among those with anti-adalimumab antibodies compared with those without anti-adalimumab antibodies. In the subgroup analyses of other clinical outcomes and patient-reported outcomes, including logistic regression, patients with anti-adalimumab antibodies and secondary adalimumab failure generally had numerically greater improvements than the other subgroups. The ACR20 response rate for etanercept in this study was lowest for the patients with primary adalimumab failure without anti-adalimumab antibodies, which suggests that the inflammatory process in this subgroup of patients was not driven primarily by TNF. In these patients, RA may have been driven by other cytokines, such as interleukin (IL)-6 or IL-17. Alternatively, this group of patients may have been more difficult to treat with any therapy because of an intrinsic resistance to treatment or longer disease process, making the disease more entrenched and treatment more difficult. A combination of these factors also may explain why intermediate ACR20 response rates were seen among the patients with either primary adalimumab failure with anti-adalimumab antibodies or secondary adalimumab failure without anti-adalimumab antibodies.
While immunogenicity may explain some differences among the TNFi, the lack of standardized assays has led to great variation in the reported prevalence of antidrug antibodies to TNFi [24] . The specificities and sensitivities of available assays differ, making comparisons across studies difficult and leading to confusion for the clinician trying to understand the role and impact of antidrug antibodies. Thus, although the concept of measuring drug or antidrug antibody levels could help guide dosage adjustments or switching, the value of immunopharmacologic guidance in RA is a topic of ongoing debate, and antidrug antibodies are not used in everyday practice to guide the treatment of patients with RA. To date, there are very few evidence-based recommendations to guide selection or switching of biologic therapies based on drug level and immunogenicity testing after failure of TNFi therapy. When more data become available, the benefits of adopting such an approach would need to be balanced against the availability of reliable and reproducible tests and monitoring costs.
In the exploratory analyses of results from each study visit, improvements from baseline for clinical outcomes and patient-reported outcomes were observed at each assessment. At the final visit, the observed improvement in mean HAQ-DI score exceeded -0.22 points, which is the minimal clinically important difference for HAQ-DI [27] . The observed decrease in mean scores on the HAQ pain VAS with etanercept treatment after adalimumab failure also exceeded previously reported values for minimally important improvement in pain among patients with RA [27, 28] . Based on the WPAI, patient-reported rates of absenteeism (missing work) were low before etanercept treatment and even lower during treatment. Patient-reported presenteeism (impairment while working) was more common at baseline and also improved during etanercept treatment.
Safety results during 24 weeks of open-label etanercept treatment were consistent with the known safety profile of etanercept, and there were no fatal adverse events. Most adverse events were mild or moderate in severity, not considered related to etanercept, and nonserious.
A few limitations of the study are noted. The results of this 24-week study should not be extrapolated to treatment beyond 24 weeks or to other switches between biologic therapies. However, results from numerous studies that have examined switches between various biologics among patients with RA also support the benefits of switching to another TNFi when the initial TNFi therapy fails [5, 6, 9-14, 29, 30] . All patients switched to etanercept, and the study did not include a comparator group of patients who continued adalimumab therapy after primary or secondary adalimumab failure. Patients in this study were considered by their physician to be not responding to adalimumab. Although continued adalimumab treatment may have been effective over time, the recommended approach in clinical practice is to stop the ineffective therapy and switch to another therapeutic agent [5, 6] . This study also did not examine whether etanercept therapy could be discontinued among patients who achieved low disease activity, but previous research suggests that disease activity may increase when etanercept therapy is withdrawn after a treatment response [31] .
CONCLUSIONS
In conclusion, the results of this study suggest that switching to etanercept could be considered as a therapeutic option in patients who fail adalimumab treatment. The presence of anti-adalimumab antibodies may provide additional support for switching to etanercept, particularly in patients with secondary adalimumab failure.
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